Three sets of satellite data were utilized to outline and monitor the waterlogging problems along the Wadi El Tumilate basin. These data include Thematic Mapper image for year 1984, Enhanced Landsat Thematic Mapper image for year 2000 and SPOT-4 image for year 2008. Supervised classification using the maximum likelihood approach has been performed. A number of 6 classes were observed at the study sites including, Nile deposits and cultivated areas, surface water and water logged areas, salt crust, Quaternary playa deposits, fluviatile and lacustrine deposits and Miocene (gypsum and carbonate) deposits. Water logged areas expanded from 9. The integrated data used by Geographic Information Systems specified factors controlling waterlogging problems, which are: topography, drainage pattern and water flow direction, excess of irrigation water, deficiency of drainage system, presence of impermeable clay lenses and lineaments direction. Groundwater modeling including GMS and MODFLOW programs were processed to manage waterlogging problem. Using of underground tile drain along the eastern portion of Wadi El Tumilate basin and dewatering wells along the western side was recommended to obtain the highest monetary return from the drainage investment.
Introduction
Wadi El-Tumilate basin is a morphotectonic depression crosses Ismailia governorate from west to east along its middle part and separates between two higher elevated geomorphologic units namely; Um-Gedam gravely slopes to the south and El-Salhiya gravely plain to the north. It is located between longitudes 31˚30 to 32˚40E and latitudes 29˚50 to 30˚50N (Figure 1) . It occupies an area of about 350 km 2 , extending from the Nile Delta from the west to the El-Timsah and Bitter Lakes to the east with about 50 km long and 7 km average width. Its altitude varies from 10 m at west to 0 m at east with very gentle slope towards east. The study site is planned within three main mega land reclamation projects in the Suez Canal province during the digging of Ismailia Canal course in 1869. The wadi floor is covered by cultivated lands which rest on, silty and loamy fine sand soil. The southern boundary of the wadi is occupied by elongated and parallel sand dunes.
In irrigation areas, farmers may not be able to control irrigation, which usually results in excess water being added to the groundwater. Continued irrigation with excess water induces rising of the ground water table [1] . Water logging at low lying areas is created by seepage of water from irrigated uplands and from canal systems [2] . Over-irrigation by canal water besides inadequate water management practices culminates in water logging [3] . During the last three decades, groundwater level at some localities in Wadi El-Tumilate basin and its vicinities is remarkably raised. This caused flooding of many infrastructures, houses, agricultural lands, industrial zones and electricity towers and endangers the accessible railways and asphaltic roads in some areas (Figure 2 ). The concerned site represents a morpho-tectonic stretch which is characterized by the occurrence of sticky clay lenses and wide evaporite deposits. Wadi El-Tumilate area is characterized by arid, long hot, rainless summer and mild winter. The average annual precipitation reaches up to 30 mm. Geologically, Wadi El-Tumilate is represented by spread flood muddy and silty sand sheets which is varied Copyright © 2013 SciRes. IJG in its thickness between 0.5 and 6 m. Groundwater resources along Wadi El-Tumilate are presented by two main hydrogeologic units; the near upper surface semipermeable aquitard unit and the lower highly permeable aquifer unit (Geriesh, 1994) . The structural frame work of the study site is subjected by two main fault groups comprising ENE-WSW and NNW-SSE directions. The ENE-WSW faults configure a number of parallel morphotectonic basins controlling the depositional regime, thickness and configuration of the overlying Quaternary sediments and configure the main water bearing formation.
The impeded alluvial sand-clay complex plays an essential role as a restricting boundary for vertical movements of irrigated water. Depth of the sand-clay complex varies from 0.6 m to 2.8 m below ground surface along the main wadi and increases to 12m along the sandy banks. Climatic parameters reveal that the rainfall has no significant role in creating the water logging problem. This research aims to detect, delineate and measure the waterlogged areas in Wadi El Tumilate basin during 1984 to 2008. The main factors controlling waterlogging disaster will be specified. This problem will be managed using groundwater modeling in compiled with GIS techniques.
Remote Sensing Techniques and Results
Three sets of remote sensing data are acquired in this study aiming to detect, outline and monitor waterlogging problem at the wadi El Tumilate basin. These data includes Thematic Mapper images for year 1984, Enhanced Landsat Thematic Mapper images for year 2000, Spot-4 images for year 2008, all images are collected in June to be representative for summer season. Remote Sensing and GIS techniques can be extremely useful in accurate mapping and quantification of waterlogged area [4] . Remote sensing procedures used in this research can be categorized into the following operations: image enhancement, image classification and change detection.
Image Enhancement
ENVI 4.7 was used to do mosaicking for the two rectified images Spot-4 data for year 2008. Mosaicking involves combining multiple images into a single composite image. ENVI provides interactive capabilities for placing non-georeferenced images within a mosaic, and automated placement of georeferenced images within a georeferenced output mosaic. Multi-temporal satellite data were used for continuous monitoring of the water logging dynamics, prediction and history.
Image enhancement including, contrast stretching, spatial filtering were used to produce high spectral resolution images required to detect and monitor water logged areas during 1984-2008. Contrast manipulation procedures are thus essential to most visual analyses. This systematically expands the range of DN values to the full limits determined by byte size in the digital data. For Landsat this is determined by the eight bit mode (28) or 0 to 255 DNs [5] . The most appropriate band combination giving high contrast among land covers were selected; band combination 742, RGB was used for TM images for year 1984 and ETM+ for year 2000. The mosaic Spot image for year 2008 was processed with band combination 432, RGB. The goal of fusing data from different sensors is to reduce the classification error rate obtained by single source classification [6] . Images data fusion was applied in this study between ETM+ (Enhanced Thematic Mapper) and ASTER (Advanced Spaceborne Thermal Emission and Reflection) for year 2000 to improve information extraction in irrigated settings. The fused image was utilized to extract lineaments and major structures controlling the distribution of water logged areas at the concerned sites.
Ratio images are enhancements resulting from the division of DN values in one spectral band by corresponding values in another band [7] . Rationed images are often useful to discriminate spectral variations in the images from individual spectral bands [5] . The most appropriate band combination ratios, confirming the results obtained during the field investigation, were utilized for the images data. Band ratioing 7/4, 4/2, 7/2 were used in band combination R, G, B for the TM satellite image for year 1984. Band combination ratioing 6/5, 4/3, 2/1 were used as RGB for ETM+ image data for year 2000. For the SPOT-4 images, band ratioing 2/1, 3/2, 4/3 was used as band combination R, G, B for year 2008 (Figure 3) .
Principal Components Analysis (PCA) is a linear transformation technique related to Factor Analysis. Colour composites made from images representing individual components often show information not evident in other enhancement products [5] . Principal Component Analyses PC4, PC2, PC1 for TM 1984, PC4, PC3, PC2 for ETM+ 2000 and PC1, PC2, PC3 for SPOT-4 image 2008 are used as band combination R, G, B to get the most appropriate enhancement showing the distribution of water logged areas.
Image Classification
Multispectral classification consists of a compression of all information in a multispectral data set into a single image that depicts the major types of surfaces in different colours [8] . Clusters representing land cover types that were similar were combined [9] . Based on these spectral signatures, natural and cultural surface features can be discriminated and a new output image could be created having specific number of classes or categories [10] . The digital images were classified by the IsoData classifier. Unsupervised classification was performed to classify the land covers at the study sites and monitoring the changes during the last three decades from year 1984 and year 2008. 100 ground control points were checked. The number of classes was determined by hierarchical clustering. Supervised classification using the maximum likelihood approach has been performed.
Image accuracy was assessed, it was 86%. A number of 6 classes were observed at the study sites (Figure 4) including, Nile deposits and cultivated areas with green colour, surface water and water logged areas with red colour, salt crust areas with dark blue colour, Quaternary playa deposits with yellow colour, fluviatile and lacustrine deposits with pale blue colour and finally, Miocene (gypsum and carbonate deposits) with violet colour.
Change Detection
Landuse/landcover changes were noticed following image classification and identifying the changes during 1984-2008. Significant changes produced due to human activities including an increase in vegetation cover and water logged areas. However, quaternary deposits including playa, fluviatile and lacustrine deposits decreased from year 1984 to year 2008. The most important output from the analysis of remote sensing data is the delineation of water spread area which represents the surface waterlogged area. Vegetation and cultivated areas show significant increase along Ismailia canal. Some cultivated lands are subjected to salinization and salt crust during summer due to evaporation and an increase in temperature.
GIS Data Integration
Remote sensing often requires other kinds of ancillary data to achieve both its greatest value and the highest levels of accuracy as a data and information production technology [11] . Remote sensing (RS) and geographical information system (GIS) offers convenient solutions to map the extent and severity of water logging, particularly in large areas. GIS helps in assessing the water logging and drainage problem by identifying the drainage network and its characteristics in a basin besides the information on presence of high water table, high morphology, plant stress and drainage water collection in lower spots.
The Shuttle Radar Topography Mission (SRTM) obtained elevation data on a near-global scale to generate the most complete high-resolution digital topographic database of Earth. SRTM consisted of a specially modified radar system that flew onboard the Space Shuttle Endeavour during an 11-day mission in February of 2000. There are three resolution outputs available, including 1 km and 90 m resolutions for the world and a 30 meter resolution for the US. An understanding of the shape of the earth's surface is useful for many fields, these fields require an understanding of how water flows across an area, and how changes in that area may affect that flow. [12] developed software to extract topographic structure and to delineate watersheds and overland flow paths from DEM. The computer generated drainage lines and watershed polygons and the four-point linkage information can be transferred to vector based GIS for further analysis. [13] used GIS to diagnose and map waterlogging and salinity risks in the Mediterranean region and to investigate drainage needs. One of the techniques to achieve improvement in digital classification is the incorporation of ancillary data, such as a digital elevation model (DEM), [14] . DEM integration in image classification has helped increase the classification accuracy of digital data [15] . A DEM has also been used to describe the distribution of terrain components which contribute to spectral response [16] , identify sites for fieldwork, geographically stratify training areas or homogeneous regions, and provide topographic normalization of Landsat TM digital imagery [17] . The hydrogeology tools in ArcGIS provide a method to describe the physical characteristics of a surface. Using a digital elevation model (DEM) as input. Topographic map of the area of study was constructed ( Figure 5 ) and the drainage system can be delineated, drainage water flow was directed towards the Ismailia canal, therefore, it can be considered as the main source of water logging due to the intensive rainfall during the winter season. Water logged areas were outlined and measured using ArcGIS means that there is positive correlation between agricultural activities and waterlogged areas.
Ground Water Modeling Results
Management of waterlogging problem in Wadi El Tumilate basin was processed using GMS and MODFLOW programs. Groundwater modeling procedure depends on specific input data including, water table, soil texture, drainage rate and depths of clay layer [18] . Drain spacing and effective depths required to mitigate waterlogging problem were determined based on the following equation:
where, υa is drainage rate, K is hydraulic conductivity, De is the effective depth of restricting layer below drain center, m is height of water table above drain center mid-way between drains and L is the spacing distance between drains [19] . Boundary conditions were adjusted to calibrate and verify groundwater simulation with measured data collected by [20] . Values of discharge rates were varied till achieving real observed data with the least error. Groundwater modeling in this study predicted that the drainage spacing ranges from 111 m in case of using drip irrigation techniques (rate of irrigation is about 0.014 m/d, [21]) to 145 m in case of using flood irrigation techniques (0.023 m/d). Two solutions were proposed to improve the drainage efficiency in Wadi El Tumilate basin. Underground tile drain should be applied along the eastern sector of the concerned site ( Figure 6) . While, using of dewatering wells was proposed along the western upstream sector (Figure 7) . In addition, reuse of the logged water by mixing it with canal water leads to ameliorate its water quality required for irrigation and decline the groundwater level.
Discussion
Three satellite images taken over a span of 24 years coupled with a 90-m DEM and field observations served as the basic sources of data. Image enhancements, classifications, and change detection techniques were applied to determine changes between the available images. The results confirmed an acceleration in the rate of water logged areas during 1984-2008. The non-manageable agricultural expansion, excess irrigation water and deficiency of a drainage system are the most important factors producing water logging in the concerned sites. Remote sensing and GIS result indicate that there are some factors affect the area of study and produce waterlogging, including 1) topography and surface elevation, 2) drainage pattern and water flow direction, 3) excess of irrigation water and deficiency of drainage system and presence of impermeable clay lenses near the earth surface (<1 m depth) and 4) lineaments direction. Digital Elevation Model extracted from the SRTM data shows that the waterlogged areas are distributed at low topographic localities (Figure 8) . The area having a low lying topography has numerous topographic depressions which are poorly drained topographically and remain waterlogged throughout the year. The drainage pattern extracted from the ETM+ image data and SRTM (DEM) using ArcGIS 10 techniques show that all tributaries are accumulated toward the water logging localities (arrow directions). This indicate that during the intensive rain fall, all surface and subsurface water are going along these tributaries and accumulate water at the low topographic areas and producing water logging problems. W-E and NW-SE trends (CONOCO map for year 1981). Change detection image processing techniques between TM image data for year 1984 and the SPOT-4 image data for year 2008 at the study sites indicate that there is a positive relationship between the cultivated areas and waterlogged areas. Field observations indicate that the lower the value of the clay depth, the higher the risk for water logging and soil salinity, especially where the artificial drains are limited. Furthermore, it was noticed that the sand dunes and the water logged sites are distributed at the same trend of lineaments which are Application of GMS and MODFLOW modeling were utilized to manage and mitigate the waterlogging problem in the study site. The drainage spacing required for each irrigation technique was predicted. It is 0.14 m/d and 0.023 m/d in case of drip and flood irrigation techniques, respectively.
In addition, it was suggested to use both underground tile drain along the eastern portion of Wadi El Tumilate basin and dewatering wells along the western side aiming to improve the drainage water systems.
Conclusion
GIS data integration of remote sensing images and groundwater modeling are utilized to assess water logging problem and manage drainage deficiency along Wadi El Tumilate basin. Drainage network was constructed using Digital Elevation Model (DEM) as a part of GIS analysis. Water logged areas were outlined and measured using ArcGIS 10 during years This reflects a positive correlation between agricultural activities along the extendable desert fringes and water logging areas of the wadi basin. The rate of groundwater rising around the waterlogged sites varies between 3 -8 cm/year. Remote sensing and GIS result indicated that waterlogging problem controlled by topography and surface elevation, drainage pattern and water flow direction, excess of irrigation water and deficiency of drainage system and presence of impermeable clay lenses near the earth surface (<1 m depth) and finally, lineaments direction. About 7.2% of the old cultivated lands (25.3 km 2 out of 350 km 2 ) are drowning under the logged water. Modeling results proposed two solutions to improve drainage efficiency. It includes using of underground tile drains and dewatering wells along the eastern and western sectors of Wadi El Tumilate basin, respectively. GMS and MODFLOW groundwater modeling were used to mitigate waterlogging phenomena and to predict the most appropriate drainage spacing.
